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Sgl#«M (p + ; n + ) ©y-x«ffi (S) ;BJ:tfKl/-f > 

m& (d) t^f- h*s (g) zzmL, m2mmm u ? P ) ®^x;i/ do 

; 2 0) JC^StlTJ&SMI SFET (1 ; 2) &ffi££¥*tt&8tHrgHBB 

B&3B^x;i/ ( 1 0 ; 2 0) ©«® (V b p ; V b n) gtfSBM I S F E T ( 
( 1 ; 2) (DV-xmm (S) ;J3J:tfKtfx/I/ ( 1 0 ; 2 0) ICi: »J 3 ft S # 
>f K (11 i 21) iZMLTffifemm (I b p ; I b n) ZmJjfaKffi-t Z. 
£IZ£ V£.}&-tZ>mfiLA>(TXmm (HO, lll~113:3;4;151 

, i 6 i) &m*.&z.£Zftik£.'t&¥m{*mmmto&n. 
m^m^mmm^mm doo *»©ia8&y n * * ( 1 o 1 - 1 o 3 ) 

laSHS^A-rT^ES^ (111-113) tt, f&IB#EIK&:7riy * (10 1 — 

103) #^*4i^n«we>nrv>sifc&4#«4:'re*«»#ii«iiaiii6«. 

S&I3#*« A -f7* IKK (111-113) ftj&~?2>mn&m&-7uv9 
(ioi~i03) mzfflffl?zm±ifflm3-~v h (105) ^sri:^ 

0^*tt«atiirifr§gfli (100) na©ia»yo -y? (150, 1 6 0 > 

lafa««A-f Txmm (15 1, 16 1) it !&!B#H»:/ny* (15 0, 

i6o) ^jc-eti-rtistt^tisii^tc, Mtsinai&yn * tommm^ (csa 

, CSB) KU:»J«»3tl-5rfcS:«ai:^'B4 s #*il*iaJ»««. 

&¥m<*mmm»mm. doo w&v>m$h7u (101-103 ; 
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ioio) 

mmm$& -7u (ioio it. mm^mm-^u (mo, 1120 

, 1 1 3 0, 1 1 4 0) 

Mfas^A-f rxmm (1111, 1121, 1131, ihd h mm 

#ii^n>^ (1110, 1120, 1130, 1 1 4 0) fctc-tti-ftiRW 

[»#«6] rai icia*©^#ii«ia»s6*jcfev>T, 

K^*#il9tIiri»SI*»*9'fe^ffi (4 0 0) &;£u 

t93S3l*A>r (4 3 0 - 1 ~4 3 0 - n) It. t&ifr^PizMB©^ 

4T*mm (110) 14, hi (Dmmm (v s s ;vdd) ^i&ffi^a:^/ ( 1 0 

; 2 0) <Dny$? h«« (1 0 a ; 2 0 a) h<Z>iajC|8W P, (3 ; 

4) ^t=i>#? hMm (10 a ; 20 a) S:^LTt9SB^>f * - K (1 

i ; 2 i) izmmm^mm (ib P; i b n) zm-tz. tiffin? z^mfaM 

(3 ; 4) it. MIBi! 1 (Dmmm (V s s ; V d d) LTt«fam^«?^ 

(i b P ; i b n) £.&&m£'t&¥m<*mmmto&n. 

(3 ; 4) Jt, 

tf^T## (Cbp ; Cbn) hftffitCflU&Stw y-^Wf2©« 

m (vd d ; v s s ) ic^stifctfrsaMi s f et tmuM'&vmffimmm 

1MISFET (32 ;42) 

y-*«*#!&SBS&l©«»i» (V s s ; Vdd) JCjfclSSfu KU-f>«ffi 
i3cfct>*y- h*a^trffB«^M|glMI SFET(32;42)<Z) 
StcS^StlfelSfffiMI S F E T 5«0«^SM^ 2 M I S FET (3 

3 ; 4 3) 

fffiB*«£Sl/B»2M I SFET (33 ;43) Vy V $ 
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ft, FU^ytfmtey*? hmm ( l 0 a ; 2 O a) £tHfe£ft«tttta(jB« 
3MISFET (34 ;44) £ £ £ Sr^^fS^^^im^S 

a 

(3 ; 4) ti, $ £>{C, 
iafHffJWf # (C b p ; C b n) CDjK«fe##y- hftlSJC&ifcSft, 
«1S#t3rSB:3>** hfl^c (10 a ; 2 0 a) tCgaKSft, Fl/>T>*S 
^ItflB^ 2 (Vd d ; V s s) JCSttSftfet&ffiMI S F E T £ |Sf DM 

tt©ifflffl!4MI SFET (30;40) 3 £ & £ f 

2§C (3 ; 4) It, 

mmm^r (cb P; cbn) a^-miicm^^ y-*«*#tMB«i 

<Z>mmB (V s s ; V d d) tCgiKSftfcl&aBM I S F E T £M&-2>$8'f4<Dft?SfiS 
Iffl^5MI SFET (34 ; 42) 

mmmmm^r (cb P; cbn) ^-s«ic«»aft, y-;*««#f&sB 

MM ( 1 0 a ; 2 0 a) ICg^KSft, fio, K Wy*«#t&SB&2 
(Vd d ; V s s) JCS**Sftfel&IBM I S F E T £ M 
SFET (30;4 0) £ Sr^^S » £ 

mm, 

m&mi 2] mimnm (p + ) ®y-xti (s) sir* kim 
« cd) i:>?f- n«m (g) tzmh. mzmmm u) *x/b a o 

tC^/SSfttfcS&lSte (p) 0»1MI SFET (1) , MtffC, ffifB3|2 

mmm (n + ) <Dv-xmm&&TfFi/>(>mffi£>f- hmmtzmv. mmm 
lmrnm (p> ©^fc^x^ (20 jcTgjfcsft-c&ss^sft (n) ®^2m 

I SFET (2) &ffi**¥*#£MI9ft3gtt7*&oT, 

t&IHH 1 ?x;i/ (10) (V b p) MfBH 1 M I SFET (1) (3D 

V J: ?x;WC J: »J7gJ*Sft*4f>f:*-- K (11) IzttLXffi 
femm (I bp) Zmiifalz%Lirz.£\Z£vT*kf&-t ( 
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110; 111~113;3) t, 
B&faH2 VjlJV (2 0) <Z>m& (V b n) fufEU 2 M I S F E T (2) <D 

v-xnmis £z*mm2 y^)nz& vm&t*frz>#4*~ k (21) fc*fbxm 

(Ibn) $:)li^foIiC^t-r £ tc 4: o T£/£lT£ 2 S«A^f T ( 
1 1 0 ; 1 1 1-1 1 3 ; 4) £ 3 i: 

o 

m&m 1 3 ] st &m 1 2 iciB«©^#^m«tam^«fc^vAT, 
^ift^^ta^ag (100) it, mmom^u vv (101-103) 

BrffH^l ^3J:^m2»«A>rrxlEli^ (3, 4) te, mU^M^U v * (1 

01-103) mz*ti?frmtfbtix^z> z. t.zmmt.'t&^mtiiMmm&m 

Mo 

> 

ffffH#mi ^j:t>^2*^/t-rT^iai^ (3, 4) ^f^tffsa^iam^ 

(101-103) mzfflffl-? Z>m±lfflffl=L- V t> (105) £fii;L£r 

5] ftSi 2lcfB*<D¥##m«®i&!£Sfc;i3v^ 
^^##:maiamMg (ioo) |gi$:<D[in&^a * * ( 1 5 o , ieo) 

Buis^i fej:tfK5 2ifi«^>f t^eie& (3, 4) «tffa#tas^^n y * (1 
50, 16 0) #ic*ft^*it8tt&*i«fc#tc ^tms&^n y t&fflwm-z ( 

CSA, CSB) KiJ:yiW»ati*ii:«:W«i:'rs^#flcilfllim»««. 

tt¥*ft£ttiiiift&C (ioo) », &&<Dm&zf n ^ (ioi~io3; 

10 10) 

ISfl3ia»y n y * (ioio) », ^^©#|g^n ^ (mo, 1120 

, 1 1 3 0, 1 1 4 0) 

«rtB»lfe*tf*2|fi«/t-fr^ia» (3, 4) tt, WIH#*tB^ny* (1 
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iio, 1120, 1130, i i 4 o) mz.zn?tiWf*>tix^zz.k.z& 

[«f**l 7] flf$3l 2{CSH*0^##m«!lI^g{CfeVxT, 
l¥##I«i!llfl«$tM (4 0 0) 

fufBUl fcJ:tH&2aS®A>f 7X@S& (3, 4) «, tftB*Upi:J!/tf<Z>#f7« 
Hf*3fi 8] flt$&i 2K:fla«<Z)^#flt|fc«llBI»!6«»cfev^T, 

Wiafliii6«/wr^ia»tt, (vss) tt&saf i?x;i/ (i 

o) <Dzi>#9hmm (io a) i:cE>MK:«»6*ifc»i««» (3) 

If 1 V3L)l(Dny*V hM® (1 0 a) Sr^LTiufBHIl #-f*- F (11) 

W»*2**A>rT^ia*ti, »2a>«WiW (vdd) £tufBi&2 >?i^ (2 

0) (Dnyf? bmm (2 0 a) i:©IBrtCttW6*lfeill2*a« (4) 

2 9i;KD3>af^ hlH (2 0 a) LTfrjfBH 2 ^*-f K (21) 
(CBufBm^«^ (Ibn) 

[if #e 1 9 j if 1 8 izmma^mfcmmmmmmizis^x, 
tsmfsmm (3) t&iasfi (v»») &«^£:L-ciiuiBm5£ 

(I bp) &38£U tirSB& 2 ttiftffi (4) tt, %£&2<Z>«»|ft ( 

Vdd) ?:«®i:bT|fffam^«^ (I b n) S«4t51iS:«ai:t5f * 

[|f*£2 0j |f$#l 9lCSB*©^#^«tlISS^«lCfeVNT, 
f5ia^i«SK« (3) », 

*i«ifm* (cb P ) ^-h««tc«*&3ti, y-**«#fMa*2©« 
aRUR (vdd) icjgaatifet&aasi im i sfet^w^umi 

1MI S FET (3 2) 

y-**ffi#f&SB£l(D«»il» (Vss) JC*«5S*l, FU>f >«SfeJ:tJf^ 
- h*i#WB* 1 «HI)lff 1 M I S F E T (3 2) ©FW>«Wc£«S 
nfettS!»lMI SFET4:J|«:&Stt©IBl*aSjB«^2MI S FET (3 3 
) fc. 
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ffffBH 1 M%HMM1& 2 M I S F E T (3 3) \Z% bTA Uy h ^ 9-g^«Stl 

, Ku>f l *x;i/<z>n:y#* M« (l o a) tttt 

W3MISFET (34) fio, 

mmm2m$am u) «, 

f|2$rJ#Ml# (Cbn) h*StC#f&S*u y-^**«««riB«i<o« 

II(Vss) (CS^u$ tlfcltfSHU 2 M I SFETfcHB*tt©lll2*tfe«t/MI 
1MI S FET (4 2) fc, 

y-x*«^i9ia*2©*ani cvs s) *i, Ku-f >*K;fcj:tw 

- MI^We*2*««fflI 1 M I S F E T (4 2) (D K b>f >tt«iC|&R£ 
*lfe|5SaH2M I S F ETfc#*fcStttta>»2*36SU8J&2M I S F E T (4 3 

) fc, 

l»IHi2liTO2MISFET (4 3) tC*fbT# l/> h ^ 9HRttS*l 

, >^BtfiBH 2 1^x^0)3 hfiJgc (20 a) izmMztiz>m2mm 
TO3misfet (44) t zmz. & z. t t ? s ¥m&Mm®mmm 

a 

Srf|B^l«« (3) 

t&aaari «ff*m# (cbp) ©sii#A^-Mi(cM^k y-*«* 

tfffimm V*)i<Dziy*9 MI^ (l o a)-tci8K3*u J.o> Ki/>f>m* 
^l&8afS2<Z)««iK (Vdd) KlI&lftdftfeffiflBftlMI S FETtBCfft© 
fl«M$4MISFET (3 0) fio, 

SuiaH2*» (4) tt, s^jc, 

lufH^2^J®I« (Cbn) ©H««*#y-h««fc#M&S*U y-**fii 

tfmmm2yjL)\s(Dziy*>;hm® (20 a) ici&Rstu Ku>f>*i 
tfmmmiommm (v SS ) ic««atifeHfflH*2Mi sfet^bcw 
i2ts«4MisFET (40) zffix % 3 £ t t-s ^m^mmm 

l&IBH 1 *M ( 3 ) it. 
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mimmm* (cb P ) #y-Mic«i&s*i, v-*«s#aMa*icMi 

«W* (Vs s) tCSttStlfel&IB^lMI SFETfcJ*fc$«tt©m«**fl! 
I5MI SFET (34) 

ttfiftittftft? (cb P ) ^-h«a»c«»ati, v-**s#tfrffi«i 

^x;i/©zi>^^ NMJUc (10 a) tc&JBstu So, KU>f >««^t98B*2 
(Vdd) K#tt3*ifcjffljB«lMI SFETfcHCitt0»l««l 
MH6MISFET (30) £ lo, 
|rff2^2S« (4) ii, 

*2«r*ng* (cbn) ^-h««jc«j»aft, y-*«*#tfMB*2©« 

M (Vdd) fC^$tlfet«|BS2MI S FETtM^^lft(D^2iM 
H5MI SFET (4 4) 

«rC«2«M« (Cbn) ««y-h««jc«»a*i, y~*tt«#fflBtt2 
V^JMDnyzt vm.® (2 0 a) «c««a*i, So, KW>**#m3fti 
©«S«8 (Vss) fC^M£*l£tufa3g2MI S FETi:|lIC«(Z)||2a^M 
ffl*6MISFET (4 0) £ £$T;i3 3 t f 5¥*#£^K@«KBS«. 

[0 0 0 1] 
[0 0 0 2] 

i£^> Mt^I^lPDA (Personal Digital Assistant) ^(D 

J»»«*«»©»a^J:rjfWfl||BffctCffoT, MO SFET (Metal-Oxide-Semi 
conductor Field Effect Transistor : gfc^fcj:, J:»JJK<MI SFET (Metal-I 
nsulator-Semiconductor FET)) T*m&Ltt¥m<*MmmmmmiZM lt%, J: 
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u -» ©wss-fbafttficfiisMAft^a* tit v^ s . 

[0 0 0 3] 

CMOS (Complementary MOS) |HI&<D»§I*# 

IM»fmK©4£T S * fc -T l> ^ ^ <6?S»«# & 0 * , 

mos h^v^fflDia^itfffeTms^ft^fe. Mosh 

[0 0 0 4] 

mffi) i:bTJK^flRl©^^T^«ffiS:PPin't*-^^BS* l ^ v%s - bfrb& 

#e>, *x/i/ (31*) tc*fbTjii^i^©A-fTx«BbS:mi-sicii, /ur^ 

[0 0 0 5] 

o 

[0 0 0 6] 

JI#;i$lC. 7 ff ^HlCttl@*l«3S^^ F B B S:#i, 

^^;U=E-FT'{if»H7^ZBB5:W, W»»^il<B«»« 
*&WS£bfc*#«t*«liatt«« (CMOSf^) («*.« 

[0 0 0 7] 
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[0 0 0 8] 

IK 1 : "1.1V 1GHz Communications Router with ON-Chip Body Bias 150nm CMOS 

ffi (CMO S>f , 201»pf^^MMOSh7>^^ (pMO 

Sh7>^^) , 2 0 2linf t^;WOS h7>i?X^ (nMOSb7> 
, 2 0 3 it-i y^-^y^m^. ^LT, 2 0 4iZA4Txmi±$&£.m 

j&fc^LTv^,, #^#v d d ifmm&mmmm mm&mmm) > v 

s s{i<g«fe«^«j± «S*fe«M) , fit, Vbpii P MOSh7>^ 
^fflII/H7X«JE (pMO S b : ?y¥7,$<Dn?'V*)Vm i y^JlM1& ( n 

#M^Gli>f- DttKl/>f fit, SttV-7ti&^LT 

vn£„ I N (i>f >;t - ^ © &^ b, 6uTtt>f >A-*0>ffi 

[0 0 0 9] 

mi {c^^ti^cteitc, ft#©¥##J6fcisB&gfi<0-«K;i3v*THu pmo 

Sh7>i/'xnoi0n')i;i/ (Ay^-h) (c#fbT, 4y^-#yxm 

?2 0 3 &^LTSt;U7X«JEV b p (>*>f TX«JEE»£EH&2 0 4©ffiA 
SJEE) &PPflirrs«J:3tCfcoTV*<5. 3 3T% «M«BbV d d l±, MxJ£, 1. 
IVT'fe'J, S«/U7^«£EVbptt, Vdd-0. 45V (MZ.lt. 

0. 5 5V) T'S5. 
[0 0 10] 

OS 2 0 1 ©n^i;i/[CVd d - 0. 4 5 V (DmJjfaMWU 
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C7){£M£MaZ1-£ J:3&C&oT^3 0 -f > tf - 2 0 3 MA 

[0 0 1 1 ] 

0 2tt^(7)^#:^im^S©ffi©M^^1-|ai^EIT^^ o S2Jc^vxT 
, #M##3 0 0{i-f >/\*-^gp, 301ttpMOSh5>^jl, 3 0 2fctn 
MOSh7>^^t, 3 0 3feJ:t)!3 0 4ttiiI, fit, 3 0 5 fcj: 3 0 

ttnMOS h5>^^M«AM 7X«ffi (nMOS h ^ > # <D p ^ * 
[0 0 12] 

OS h^>^X#3 0 lfflnft*^!^ (nCx;i/ : Ay*>f-h) 
{C^fLT, MI3 0 3 7XtffV b p (A-f TX*J±5§^Ef 

S&3 0 5©miJ*jat) fcepflRU nMOSh7>^^ 3 0 2CDpft* 

;bS7x;H« (p-?i;i/:;\'>y^^-h) izMLX. i«3 04 5:/rLtl 
S/UntEVbn (A-T 7*«JEE$S£iai&3 0 6©ffiijSffi) &WiD"r«J: 
e>lCfcoTV^ 0 rrt, pMOSh7>i;x^II;W7^1ffiVbpli, 

lifitiijtvd d j: v&mmmf±.tLVi&^mfem}±x*&v, nMos 

[0 0 13] 

mzizm-t^mfaMmmmmmiz&^Tit. m*.it* mosi>7> 
v*z\z^x&mj3\ft<bmmrt j um±mzM-*z>j>~tfcmmi£& 

[0 0 14] 
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WttWFXU 1 ] 

S. Narendra et al., " 1.1V 1GHz Communications Router with 0N- 
Chip Body Bias 150nm CMOS" , ISSCC 2002/SESSION 16/HIGH SPEED 
I/O 16.4, PP.270, 271, 466; February 5, 2002 

m&xffi i ] 

#H§ 2001-345424 
[0 0 15] 

mm ffiMVk V£5£?2> MB] 

;u t & cm o s m&r-m&z n & ¥Mfommm&'mu & ssio 
ft»»«*tt»t« «fc e> (c l & * © #nas $ n r v > « „ 

[0 0 16] 

©*K/WT*«J± o. 4-o. 5V1S) fcfcicffijg© 

[0 0 17] 
[0 0 18] 

©Affile «fc*i«, »i#«^©y-^««fe«fctf Ki/>r 

h«ffi££^U S2#«M©?x;WC^£*lT&SMI SFET5:li 

&¥mi*M3&mmmM'e3b'ox. mmv mmi sfet©v- 

SSe 1" 3 £ fc «k y £j£ -t £ mm>U T * EJ8& £ fit*. & z: t & TO £ t Z> 
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[0 0 19] 

>/- bmrntzmis* i2iig©f 1 ^x^tc^^tiT^s^i^'SoDin 
misfet, mmz. mm2m>mMe>y -xmM&£z$\?u>( y mm t>f- 

mi sFETZffix.z^mfammmmgiW.X'&'DT. mmmi 

[0 0 2 0] 

3d5„ 0 3 {C^taSM, 04Cfelt5nMOSh7>^^ (2) © 

fcfc, pMOSh5>^*lfiiOfnMOSh7>^*2 
*C*J*3*lS>f (CMOS>f>A-^) JCWLTte, a4«btt 

[0 0 2 1 ] 

0 3 £<fct>*04 {CfcV^T, 2linMOSl>7>^^, 4 tttSMK. 

fit, 2 1tt^t-F (Sf£*>f#-K) &a*LTV>«. 04 {CfcV> 

t, $Hf#2aii#WI, 2bUm 2 0tipf^^;Wi*ii ( 

P^*;i/3??x;i/) , 2 0 a ti p + JfcffcM«, 20b, 2 0c{j;n + ttlii& 
[0 0 2 2] 

0 3 £J:£>'04 lZm£tl£ i e>iC> nMOSh7>^^2 1t pft^M 
tfx;i/ (p^x;i/) 20(C^^$tl> ntoM (V-^ilS) 2 0b„ n + 



1 2 
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mmmm ckw>««d) 20 c, mmmzb^vr^mmmm (f 

(l««;W7X0b7>^^) fcfc^Tte, p + itli (nyzvh 

mW 2 0a^ltp'?i^2 0 (nMO S h^>^*# 2©A>^^f - h) 
{C^ftT<£«^S^SiEV s s •&ftiM'tZ> J: 3 iC&o T V^#, ##§EJ)?fC;}3 VMT 
tt, ^CDn>#*h« (p + &Mt^) 2 0a{C*fLT, S?5«4 fc^LTflS 

2i(j, p ^x;i/2 o ty-xmrn (s) 2 o b tvmizmf&znz, 

[0 0 2 3] 

^•tS (n + Mf«2 0b) T'^StlS^ K2 1 tCjfO^C$IU\,£ 

[0 0 2 4] 
[0 0 2 5] 

®5}c^£*i£ j;e)ic, *w#-k (2i) ©m^-mjE^i*, <#s 

7 5°C, 2 5°C£J:t>*- 2 5°C) lC*fLTH&oT V^, ^BJ^CfcV^T 
[0 0 2 6] 

•t 0K^*£)K#fo©g«rWyx«ffiVb 

$ h\zmfew-vy*>*3-7LX : 7 5°c) a8Jt*rsfe«>, jib 

-ft fa&fil A 4YXmi±. (V b n) (DV^<JV^n< LX h7>^^ (pMO S h 



1 3 
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#2 0 0 3-0 1 9 2 7 1 



[0 0 2 7] 

[0 0 2 8] 
[0 0 2 9] 

U, CMOS>f fcOTf&S. ®6(CfeV%T, tWlttpM 

OSh7>>>^3t, 2linMOSh7>^^, 11, 12; 21, 2 2li#V 
tf-K , fit, 3, 4 tt«8fe»;&ja*L*C^S. 

[0 0 3 0] 

06 £J:tftif3*LfcEI4 tC^StiS J: o JC, nMO S h 9 > # 2 p 
x^2 0JC^Stl, y-***S (n + ffi|fc|g«2 0 b) , KU>f>tlD ( 
n + ltl«2 0c) ,.feJ:Uf, M2 b^bf^-MlD (#««*S2 
a) ICJ: y#JER3*l<5. I^StlC, pMOS 2li, n^-Y x 

;u (n^7x;i/) lotc^sn, y-*«ffis (p + a£tfc«c) iob, KM 

>«« (p + i»«Sc) 10c. *3J:tf, «IIlb^Lf:>f-f«tlG ( 

ia) jc^ynuasn*. 



ffiIIE# 2003-3022689 



#2003-019271 



[0 0 3 1 ] 

nMOS h^>^X# 2}C£^T, ziyZVh ffl& ( p 20a(C 

liS (n + M|l2 0b) fcTffltoSStl**^ K2 1 \ZtthTM1ifaV> 
MI b n fcifrt .fc^tCfcoTHS. Z.©«?5?£ I b n^l$ft§^t- K2 1 
»; p ^jq;1/2 0 \Z\t, ffife<DmJjfa&W*JTzn&Vb n«f5„ 3 

[0 0 3 2] 

pMOS^i/^^iicfc^t, ny$? hM® (n + |fcttiB«) l 

y-Xtt«S ( p" + Sfc**« 1 0 b ) HX-mftZtlZfJ*- Fl 1 ICftLTflg 
#[Hjtf>*§fjI b p J^KfcoTHS. ^(^S^I b p #863 #4 it - 

Kl l ic<k y n>?i^l ojctt, m^OKg^l6l*^t>f TXtJEV b 

£W8ilC, pMOS 1 iCfcttS^R/W 7**ffiVb p fc|frf£fi£ 

7*«J£V b p tt^t<«:oTh7>^*0tgv^iBbttiS<tt$^ * 

fe, «ff^a«3^ttnr4x« -2 5°c®i:^) , is;H7^iffvb P 

<D h ^ > VTs $ \z J: £ tlli&tf> je^g&f£#+#fc58fip £*i£ri:fc&s 0 
[0 0 3 3] 

-frxmg&iio 4) ©-« *><j!>t?s>&. 



1 5 
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[0 0 3 4] 

milZjjkZtlZ J:e>&C. «2»4&, >f>A-#4 1, nMOSh9>^X# 
4 0, 4 2^J:t) t pMOSh7>i/'X^4 3 ) 4 4 £fil3.Tlil£2 4%T V^„ ^£ 
lt> fflffim^C b n^ll//<;i/ FHJ <Z>££{C, nMOSh7>^'X^4 2^ 
pMO S h^>^X# 4 3 tC«^#^*U ££>&C, pMOSh5>^ 
#4 3t*U>h^7-ii§tlfepMOS h5>^^4 4{C«^I b n« 

(Vdd) ^f>pMOSh7>^^4 4, pfi^20 (Vbn) 
fe<fct>*^-f K2 1 ZftLTi&m&mmffli (V s s : nMOSh5>^^2 
0V-^ti) {C«^I b n^^tl<2> J: e>(C&oT^£ 0 rrf, «H9#Cb 
n^ill/^ THj ©tt, nMO S b^yVT.* 4 0 (D>f- MCtt, 4 y Si- 
ft 4 HZ£ VJx&Zftfei&U^Jl IT L J tf>$r[$Pf5#C b n *l£ n 

mos y=yyV7s%± oi**y~?z> 0 

[0 0 3 5] 

fflUff Cbn^Hl/^;i/ 1TLJ CD£#te, nMOSb7>^^4 2 
j$$r~7 ItnMO S Y'yyVT.* 4 0 tf*yt£fc&>. nMO S hv>^^2 
COA>y^>f-h (ptfx/l/2 0) (Cl±<g«fe«M«J±V s s ^PPAn^tl grille 

[0 0 3 6] 

^7^, m^EMSli, >f>^'-^3 1, pMOSh7>J?X^ 3 0, 3 2 £ J; t>* 
nMOSh7>^^ 3 3, 3 4 fc^ATflf tlT V^ 0 fbt, OTM^C 
b p tf&l/s<jh TLJCD^^IC. pMOS 3 2 ^>ltnMO S 

^7-il$llfenMO Sl>7>^*3 4 {C«^EI b p tfflfctlS J: 3 (C& o T 

v^ 0 -r&;bi=>, K»i#cbp^ib^i/ it l j <Dt^. mm&mwM (vd 

d : pMO S V=?yV7,9 1 <£> V-xm*S) A^&^t-Kl 1, nOiMO 
(V b p) £ J; t>* n M O S h7>^^3 4 LT4£*&«i!M (V s s ) tC 
b p#^*l<5<fce>iC&oTV^ 0 Itff C b p tfj&lyO], TL 

J pMO S b^yV** 3 0<D?- biZit. <4 y A— #3 1 lC<fc 

1 6 ffilEff 2003-3022689 
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^3 0|^7t§ o 



[0 0 3 7] 



[0 0 3 8] 



Mn011110 C««K3 f 4) (D*©*****©***. 
[0 0 3 9] 

«4«. .UOSh,m* <0j!Wtl|0gh , m , 41tijij 
[0 0 4 0] 

*&. «KK3», nMOSh?>.^ j ,34* W pMOSh5>^j,3 
0W7UnMOSh 5 ^ W3 4^U ie»«OS|.»>»Mi 

[0 04 1] 



ffil£# 2003-3022689 



#2 003-019271 



fi^7»*^nMOSh5>^^3 3, 4 2, pMOSh7>^^3 
2, 4 3, ^ >A _^ 31) 4 1 lt®ll&Lz®®mf£&mWt?ZZ£ 

Cbp, CbnCiil.^tia^^^ H 7 3, 4fC 

So 

[0 0 4 2] 

«fctfVbp©»3:|4, ««H»*CbnfeJ:OtCbp©l//<A/|CJ«BT«#ia*i€ 
. ZZX\ MifCbn, Cbplt -etl-ftll Ify N©fg#£LT 

Mn^^t^. it^7^m i on, j^c, m 

o 

[0 0 4 3] 
[0 0 4 4] 

H4dft0tjcH6~H9K:^S#i*J:^ l c, nMO S h92/j;x* 2©p 
20 (n^nt^; P + Mi«2 0a) Ctt^r^iffiVb 
*U pMOSh5>^*l©n9iM0 (^>^^Mli; n + tt 

**10a) fC^WT^MjEVbp^MStlSr^tC^S^ Sti6©/t-f 

ntffvbnfimbptt, *i*b<z>*mh*mi 2, mus 

J:tfMii, Mi4^tTif;W7«ii 0 {:M$^ -t, * 
«ffi«ffll (Vdd) *3J:WM&«*«1 ( Vs s) I*, Mill ^21^ 

[0 0 4 5] 

18 W2 0 0 3 -3 0 2 2 6 8 9 
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tf, ^tfctf>>f> A- #gp (CMO SA°^-» 12 0, NAND9121, 
X^^-i/^OR (EOR) 1 2 2gp^tf)>f- h*««Hf»K:KWStl, 3E«/W 
TXEIS&l 1 0^£>©/Wy*mBt (V b n, V b p) h 1 2 0, 12 

1, 1 2 2^tC#y6-t£ J:e>fC&oT^£ 0 
[0 0 4 6] 

[0 0 4 7] 

Ell ih@i2i:©M^^?)^j:e)i:, #«Wc£v^&, WsMtf— 

b (4 yA-#%$ 1 2 0, NANDU12 1, EORgPl 22f) fC*ft"-5#A 
W r*«EE (Vbnl, Vbn2, Vbn3, ••• ; V b p 1 , Vbp2, Vbp 
3, •••) &HS^>f r^EIKl 1 0^f»$ft5itCffi*'t«J:-5K:*oTV\* 0 f& 

mi i ®^##:m«ca^«T*«, as«^>fr^ia»i 1 ofrbima* 

^TXtffiVbn, Vb p^^^ffi^StlTV^feOOtC^UT, 0 1 2 IZB^^M 
WT'lt. mW^JTxm&l 1 0^£«Mtf)/W7XSffiV b n 1, Vbpl 
;Vbn2, Vbp2;Vbn3, Vb p 3 ; -^Sft, <fc *J %&>%ttfr%iffi 

[0 0 4 8] 

mizB?mT*&Vs hi 3«hi zKm-t ¥m<bMmmB&mm<z>-mBW*&m 

^MSrSEISWtc^-t-H-efeSi Ell 2~Hl 4 K:m*#¥*#JiM^«&SS«, 
&mm>f-b (#cmo S0BI) Si^tsfr (n?) #fajca3#l3ftfcpMO 

Ltv^ 0 r-T% CMOSESlit HrfD^mM (p^*;i^ 

, n^-v^;i/§S[) © h^^^^^^f?^- folic _g.o, H14<Z)HMMS: 

Rfc£, 2 o® CMO SH8&©HE#«M©h 9 (n^A) #fatc» 

g^sj^icuT^fRstirv^. -r«!*5^, cMos«^©^#^mfflimi^^ 
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7 

[0 0 4 9 ] 

Ell 2C^iT¥#ttil«tin&§£eii, Bffiib^EIl 0&i:tfllll 1 izmt^m 

3^ip-fe;i/3P4 0 0 IZft IT 1 o<Z)S«A>f y^EIj& 1 l 0 fcfgtt, ^£-fe;i/gp 
4 0 0(Dp ^x^M^fc^tfn <?x;i/M^fC*fLT, T ;*[@Jj& 1 10^ 

[0 0 5 0] 

SI 3 {C^i-^ft*«0^S», tU«;i/g|54 0 0 Zmm<D (2otf» ^ 
;i/-^4 0 1, 4 0 2MJI, #t;i/^-^4 0 1, 4 0 2 (C^fLT^tl-r 
tl»^A-rTXlHlS&4 1 1, 4 12; 4 2 1, 4 2 2 <fc 3 tC& o X V> £ 

„ rrt, si 3 izB-t ¥m#.Mmmmmmxit, to^-^oi, 40 

2iZMlsX. p ^x;i/fI^cM©S^A-YT^iai^4 1 1 , 4 2 1fej:t>'n^i;i/ 
M^ffltf>S^-WT;*[!n&4 1 2,4 2 2 £Sgtf\ ^4x^*1 MM 4 
©$(JiMf#C S p a, C S p b £<fc£>*C S n a, CS n biatJSfyHrxl 
BtVbpa, V b p b £ <fct>*V b n a, V b n b *fflffl~?£ J: z> fC&oTV^ D 
[0 0 5 1 ] 

mi 4{c^-r^^^mgia«Ttt, m&3^«m<z> h^yy^t-hmmh 

fr#-r3 3*:#i?££„ L/T, ^-fe;i/gP4 o 0£>#?t#{c^K/W T^©j^ 
430-1—430-n -etl^tlWtaSI 4 1 0 £ tf) W|J#-^C S - 

l—CS-nfC^ 'JSf;H7XtJ±V bp-1, Vbn-l~Vbp-n~V 
b n-n £f&r|$I1-£ J:e»JC&oTVNS 0 
[0 0 5 2] 

mz.it. mi &£x$m8iz^m$&zz<D£$.mm?z>z\£tf- e gz >a 

[0 0 5 3] 



2 0 
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v#mT*&$>o mi 5tcfev^> #m^#i o o iz^mikMmms&mm 

*^IC), 1 0 1-1 0 3 tt#Ef«^ny*S:3*U 1 OliiCPU (Centra 
1 Processing Unit) , 1 0 2&DSP (Digital Signal Processor) fcjctfl 

ij0JW^--^h, fit, 1 1 1-1 1 3 «*«A>f T*ISg&£jj*LTV>5, 
[0 0 5 4] 

01 5 lCjg*3 fistic, ^m%rfUv^ 10 1~10 3lt A* 104 
LT&ffiSfu SLICES* fcf 5 - * J: £5iZft-oT^Z> 

ftffMT^KJ: *JM^I$4xS*3KA>f 7X05&1 11 — 11 3 

vmwuk'rzzsiztevx^Zo nt% #3s«a>t r^iin&i 1 i~i 1 3t* 

[0 0 5 5] 

-T&;bt3, #EJ?&^n ^101-103 #£ffi*&ia»#^T?/h3!<&aS«,* 

-<7*eij»i ii~i l's&mt, i&^^ic^DT#s«A-rr^ia^i 1 1 
-i i 3©«&fis&-e*i^fti try hc^fff^-ticj; yiwarrs^fc-ej: y — Ji<z> 

[0 0 5 6] 
[0 0 5 7] 

mi 6 izmztiz «te»{c, ®i sic^-r^utcQias&^ny * 101 — 103$: 
*-t£¥##:jfc«[am=g* voyf-v? 1 c) iooit h'j^^i 

LT#J&£;fU &mmzfUy>; (CPU 10 1, DS P 1 0 2&J;tfi& 

sisss • * y mm 1 o 3 m », ^n^tim^WHzmmztiz&oizte-oT^ 
rtiiCcty, #®s5&^n y * i o i — i o 3mzwit~£WUTxm&i 



ffi$E# 2003-3022689 



112 0 0 3-0 1 9 2 7 1 

♦ 

1 1~1 1 3X*m&l,TftJ&-*2>m®7Uy9(DmttZfflffl'f2> &$IZ*-dX^ 
[0 0 5 8] 

Wnyi'TO'J, CPU1010 (SI 5CDCPU1 0 1 tcffi^ 

[0 0 5 9] 

B9,i 7{c^$ti^ie»(c cpuioioit W&offim-fu v v l l l o~ 

1140 &m*.xmj&zn*' z.tit>&mm7uy ? 1 1 1 o~ 1 1 4 o *mz.T 

Wf&Zft. z.nb&mM7ay V iiio~ii4 o izft LX^n^timw^4 

rxm&i 111 — 1141 *mvz> <k e>{c^oTv>-2, 0 *^v?u 

vMHO {C^fLTtt^^U :/n «y^fflai/HT^I@I^l 111 Srfgtf, 1^ 
i^^^^n 12 0 £ <fct>* 113 0 {c*fLTtt-e4x-ftii/^x^^n y 

*l£A>f T^tmi&l 1 2 1 fcj:tfl 1 3 1 £iS!tf\ fit, M Jill :/ a y ^ 1 1 
4 OlC*fLTli^#||^n^^M»«A-fTXimmi 1 4 1 <fce>K:;&o 

tv^ 0 T^cfe, ^-a^rw y*Eng 1 ill — 1141 mwmrni 040^ 

^©^Ig^n^^ffic^iiJM^iciu^ti^ti^-r^^lg^n^^ i i io 

-1 1 4 OlZ&tfzmW^J y*«JE (Vb p, Vbn) fcM^-TS J:e>&C&o 
[0 0 6 0] 

ClOcfc^fC, ««rWTX«J± (Vbp, Vbn) (Dffl'ffllt, 01 5(C^fJ: 

e>&cpuioi^Dspio 2 £v^£ta{&:/n>y *#&T'te&<, r©j;e> 

£tai&:/ny* («^.«, CPU) iz&tfz&VMfrftMM^uvtZttmtls 

[0 0 6 1] 
[0 0 6 2] 
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mi 8izB2ti& j:e>fc ¥mi£%kmm&mmi*. m&vuvt 1 5 om 

A (15 3) fcitftHig^a y ^ 1 6 OCDEJi&B (16 3) JC*f btMUf^C 
S A £ J: tfC S B £ ? D v V m-BC L K £ (DWsM&J] £ ? U y V £ L T -etl-ftl 

^-rsj:e>{c^oTVNS a ir&t)*,, «ah m®-7uvt 1 5 oics^^ 

y y?7uy7i 5 2©^n»y ^A^fcti, ffj^r##c s a £ * n y zm^c l 

KCD|&3i^££SAND>F- M 7 1 ©ffi#flf-3##*frS;ru £ fe, IUi&:/n y 
* 1 6 OJCfcttS^U ^7D^1 6 2 CD ? □ y ? AiJlCtt, Mif^CSB 
t?n>y^ffCLK0|&Ifl:i:SANDy- h 1 7 2 CD ffi 3 *i 

tv%£„ $pj{c, iass&^ny * i 5 oicfct, ffc[$M§#c s Ate j: y mmztizm 
WUTxm&i 5 l mv&y*uv9 l 6 oicte, flJfllMS-^c 

s Bic«k ytw«rd*i«at*/t>f r^iasii 6 1 #^tte>*iTv>5, 

[0 0 6 3] 

t-^t>t>, tas&^o^ * i 5 o, i 6 o\zttLT*ti?nm&A>(Txm&i 

51, 1 6 1 -ecD««7t-rT^tlfl^l 5 1 , 1 6 l(Dfflfflm-%£.LX? 

vmv&mnwmm^cs a, csBz^<D$.£fflm?2>£oiz& 

Z.tllZ£ V. m&zfU v V 1 5 0, 1 6 0#-£ft-?tltMt s tf&£T*& 
V\B£tCli, WffCSA, CSB|Cj:y7'J'^7D'yyi 5 2 ) 1 6 2 IC A 
*£ih&TAC*;d£|^t-£-^ S«A>f 7Xtai& 1 5 1 , . 
1 6 1 \Z2sl »Jl«AM7^^«IltU-7«iJ?:lSt't-5M^§c 
[0 0 6 4] 

W,'P~$Z>Z. ^^^4^TV^S 0 M#^(C, K. Kanda et al., "Design Impact of 
Positive Temperature Dependence on Drain Current in Sub-l-V CMOS VLSI", 
IEEE J. Solid-state Circuits, vol. 36, No. 10, pp. 1559-1564, October 20 
01 &Cte> ZTC (Zero-Temperature Coefficient) > h <fc »J %i&^mMM 
JEE (flf;Ui, 0. 5V:0. 7 VJKT©<g*JEE) -eCMO SHf»S:S&f^a-&fe^ 

-eti*T'CD^v>«^«i± (ma«, 3. 3v) T-wMfttizmftv. umco 

[0 0 6 5] 
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19 (a) tt^V*- KSrSgtiSS^I b £-£*wc<fc zm&V f H(DM 

ffiZmL* £fc, 019 (b) lt*ftmiki&mj± (MxJ£, o. 7 vj^t) T-Wj 

[0 0 6 6] 

*%wiz&z*mfrMm®®mmiz&^Ti*, his (a) tc^sn 

««Ibn) fc-ftJCLfci:*, M^±#JC^oT^-r-5«£EVf (S«A>f 
T**JEEVbn) <Z)Mi*/jN$<&£ 0 
[0 0 6 7] 

019 (b) KmZnZ&^lZ. &m±9UZftvTb*ry*?X*<D 

fi«ffiTf»^*CMOSEf»K:*rLTa«i-*4:, ±JfiLfe»A ("Design Im 
pact of Positive Temperature Dependence on Drain Current in Sub-l-V CMOS 
VLSI") ^*»^S*lfefi«£E»f^©CMOSia»K:fcW«»af©±#jc«oT3« 

K^tswtmsati (>&tt»jcffl«sti) > mMMftmrnomm (De 

lay) &JM^fcK:fte>r-)iK:**££#T*tB t cfcs 0 
[0 0 6 8] 

[0 0 6 9] 

02 0 (i 3 2 fc? y h A L U (Arithmetic and Logic Unit) & 2 1 °C 1* MWl L 

**A>f r^ia»S:»^a*fc#-& (aluoi/act) 

7XIB»«:#JfcS*fc*# (ALU01/STB) <D«ft*g (Vd d) |c#* 
[0 0 7 0] 

02 0^?,^^^^^:, iifffiVdd^O. 40V~1. 00V(5D^T 



2 4 
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[0 0 7 1 ] 

M2 1 it 3 2 fcfy hALU$:#*M«jEVd d (Vdd = 0. 35, 0. 40 
, 0. 5 0, 0. 6 0, 0. 7 0, 0. 8 0, 0. 9 0, 1. 0 0 V) *efi£T 

zmtzi£TmMLrz£.g<Dmmmm(Dmt$:WfeLt=.mv$>v. 021 (a) 
&mwi-(Txm$&*:mtt2-&t=.m& (ALuoi/r^f^) 1112 
1 (b) T7.m$&*wifz j £tc.m^ (aluoi/x^>/u) *m 

[0 0 7 2] 

Ei2 1 (a) ^02 1 (b) t(D&mfrt>m%frft ^exc &nmmi£v&d 

^ngL-DBftumT E M P v vg, &@Rmft»£cz>&£#£3F& Z. £ &&&& 

o 

[0 0 7 3] 

02 2«3 2tf>y hALUHM (7 0°C, 2 7 °C «fc tf- 2 5 TC ) T**z!§C 
mffiVd d&3CftS*TKI&Lfci:S©i«3«flIfJ^ (*P0 SPClft^tfe© 
T*&£ a -IT% WgES-ffcfff-^ S P it, SP= (1 -ACT/STB) XI 00 [ 

%] i: LT^^^ti^o ACTi*mmAjTxm&zmft2'&fc.m&<z>m 
mmmzxkL. ttc, sTBi*mw*^Txm&*Mft2i£te^m&<DmMi%m 

[0 0 7 4] 

H23W:pMOS V*7>V7.*<Dn Vx.Jl (10) JC&VaT, M^#C b p 
[0 0 7 5] 

0 2 3 fr^m^fr&£5iZ, Mill 04};^fn'?i;HOffliJ±l/^l/tt 

> #-f^>yp oiz&^xfflmm^c b p#stffc «gu^ tlj ■frt>nsi"<ji 

THj : 0 7#I) -tZ>£\g:*>iZT&L, $ J $ >?P 1 iZ& ^TMXfa 
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"4-rxW£»tmsnzmx<DWE (v bn ) m 

TMLfcaMOS h^^, 4 2#t7lTnMOS F^^#4 0#t 

»no (« m3 ) «, imcbp (HA,,, 1**,^*) 0M!K: 

U t at (cgfr^-r s 3 £ # ofig -e & & „ 

[0 0 7 6] 

ii] 



[02] 
[03] 
[04] 
[0 5] 

[0 6] 
[0 7] 
[0 8] 



2 6 ffiffi#2 0 0 3 -3 0 2 
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[09] 
[01 0] 

[aii] 

[012] 

0-£&& o 

[013] 

[014] 

0 1 2 {C^^^#:^llI^«<7)ffi©^M5:eEI(&^tC^t-0T^^ o 
[015] 

[016] 

0 1 5 Km?*mftMmm®mm<Dmm ^m^mizm^mv$>^ 0 

[017] 

^m^mm^nr^^m^MmmmmmfDj&^miz^^-mm^^m^^u 

[018] 
[019] 
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[02 0] 

%CD 1 ) T'feSo 
[02 1] 

[M2 2] 

[H23] 

1 - pMO S 

2 ••• nMO S V^yVTs* 
3 , 4 •••mftlrM 

i o o-^Bfammmmmm 

1 0 1- CPU 

102- DSP 

i o 3 -mmm& • **vm 

10 4 

1 0 5 -*^7ffJ^IrL- >y h 

110; 111~113;4 1 1, 412, 421, 422;430-l~43 
0-n; 1111, 1121, 113 1, 1141:151, 161 -ISlg/W 

1 2 0, 1 0 0, 2 0 0,'3 0 0->f>^-dt» (CMOS>f>;1-*) 

s -y-^M 
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v b n - pmo s h : ?yy?szmmwLrt'<T7,n&. 

V b p -nMO S h7>^^MltAV Txmi± 
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[mi] 



200 



Vdd 
201 



IN 



202 



Zs . 

203 



D 



Vss 



OUT 



[0 2] 
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